nanorods. Polyaniline is a conductive binder which reduces the contact resistance among nanorods, so performance of the composite is significantly improved.
1.

Introduction
The layered lithium vanadium oxide, LiV 3 O 8 has received considerable attention as cathode material in rechargeable lithium batteries due to its excellent electrochemical performances: high specific energy density, high working voltage, high discharge capacity, good chemical stability in air, ease of fabrication and low cost [1] [2] [3] [4] . It is well understood that the electrochemical properties of lithium vanadium oxide are largely depend on the preparation method. Therefore, many preparation methods have been studied to LiV 3 O 8 with an aim to improve its electrochemical performance, such as spray pyrolysis method [5] , sol-gel method [6] [7] [8] , microwave-assisted synthesis [9] , ultrasonic treatment [4] and hydrothermal synthesis [10] . Recently, Liu et al. [11] employed home-made VO2 nanorods as the vanadium precursor to prepare the LiV3O8 cathode materials. The as-obtained single-crystalline LiV3O8 nanorods with high crystallinity greatly improved the stability of the crystallographic structure during cycling. It exhibited high initial discharge capacity of more than 300 mAh g-1 at current densities of 20 mA g-1. Up to now, however, this kind of material was still suffer from the phase transformation and dissolution of small quantity of LiV3O8 in the electrolyte [12] , which lead to low high-rate capacity and fast capacity fading with cycling.
Recently, coating with conducting polymers has been studied as an effective method to improve the electrical performance of cathode and anode materials in lithium-ion batteries.
Conductive polymers are attractive additive materials for lithium-ion batteries, owing to their special electrochemical properties: (i) they can be charged and discharged by a redox reaction involving lithium ions or counter anions of the electrolyte; (ii) they have an influence on the overall phase-change rate; and (iii) they can connect isolated crystalline particles, preventing their agglomeration on the surface of electrodes. Moreover, conducting polymers can suppress the dissolution of active materials into the LiPF 6 electrolyte [13] [14] [15] . Up to now, many electrode materials combined with polymers, for example, SnO 2 /polypyrrol [16] , sulphur/polypyrrole [17] , LiMn 2 O 4 /polypyrrole [14] , LiFePO 4 /polypyrrole [18, 19] , LiFePO 4 /polyaniline [20] , V 2 O 5 /polyaniline [21] , and LiV 3 O 8 /polypyrrole [22, 23] have been synthesised and have shown improved cycling performance in lithium cells. In our previous work, polypyrrole coated LiV 3 O 8 exhibited improved cycling stability [22, 23] . The rate capability, however, was not discussed in these studies. In this study, we have tried to investigate the effects of a conducting polymer on the high rate capability of LiV 3 O 8 and to explore a possible new conducting polymer to improve the electrochemical performance of
Among the various conductive polymers, polyaniline (PAn) has been used extensively because it can be easily produced with the desired morphology and structure by chemical reaction. It can promote electrolyte permeation into the surface of the active particles, and hence enhance Li + insertion/extraction during the charge/discharge process [20] . It is also superior to polypyrrole and polythiophene in energy density and durability [24] . In addition, polyaniline is electrochemically active in the range of 2.0-3. 
Materials characterization
The PAn content in the composites was determined by thermogravimetric analysis (TGA) via a Setaram 92 instrument. Phase analysis was performed by powder X-ray diffraction (XRD) using a GBC MMA X-ray generator and diffractometer with Cu Kα radiation. PAn was confirmed by using a JOBIN YVON HR800 confocal Raman system with 632.8 nm diode laser excitation on a 300
lines/mm grating at room temperature. The morphologies of the samples were investigated by a field emission scanning electron microscope (SEM; JEOL JSM-7500FA).
Electrochemical measurements
Electrochemical 
Results and Discussion
Structure and morphologies
The amounts of PAn in the LiV 3 O 8 -PAn composites were measured by thermogravimetric analysis (TGA). The samples were heated from 60 ˚C to 700 ˚C at the rate of 5 ˚C min sharing with the octahedral [26] . In addition, there was no notable peak shifting or intensity change after the introduction of PAn.
Raman spectroscopy was used to confirm the presence of PAn in the composite. chosen for scanning at high magnification. As seen in Fig. 4(e) , the PAn layer provides good coverage of rod surfaces.
Scanning electron microscopy and energy dispersive spectroscopy (SEM/EDS) mapping of the different elements were conducted to analyse the distribution of the species within the particles ( curves, which are the same as those in previous reports [22, 23, 29] . The first specific discharge capacity of the composite is lower than in subsequent cycles, which is probably due to the activation of PAn in the charge-discharge process. This phenomenon will be discussed below. [26, 30] , while the other peaks correspond to individual phase transformations [22, 23] . After the introduction of PAn into the LiV3O8 cathode, the two anodic peaks at 2.81V and 2.74 V cannot be separated anymore, the two peaks were merged into one broad peak at 2.82 V as a broad oxidation peak of PAn existents between 2.5 and 3.4 V (see Fig. 7C ). In addition, the anodic peak at 2.48 V becomes broader and appears as a shoulder in the foot of peak at 2.82 V. powder is lower than for subsequent cycles, which is probably due to its gradual activation in the first discharge process [25] . After that, the capacity of PAn becomes steady and is maintained at 62 mAh A morphological study of the electrodes before cycling and after 100 cycles was also conducted ( cycles.
